The objective of this paper is to analyze the existence and persistence of price dispersion in the Spanish food retailing market, and measure the importance of search cost in this market. The data set is obtained scraping price data from supermarket websites on a daily basis since September 2013 to March 2014. We obtain information from different locations around Spain with the aim of examining heterogeneity of search costs across independent markets. We found that supermarkets face heterogeneous price dynamic strategies. Some supermarkets have persistently lower prices than others; the frequency of price changes differs among chains; and prices are decided at different levels (chain vs. store). When using the price of a homogeneous basket containing the most popular products, our results show that price dispersion is still present after controlling for store differentiation, around 87 percent of the variation in prices is explained by supermarket heterogeneity and the amount of search is relatively low.
INTRODUCTION
Price dispersion occurs when the same product is sold at different prices by different sellers in a given market (Hopkins, 2008) . Both product differentiation and search cost can explain observed price dispersion. The same product can be perceived by consumers as different because of stores heterogeneity (e.g. level of services, location, etc.). But product differentiation cannot account for all observed price dispersion. As Stigler (1961) claimed: ". . . a portion of the observed dispersion is presumably attributable to such (product) differences. But it would be metaphysical, and fruitless, to assert that all dispersion is due to heterogeneity." Theoretical literature, starting with Stigler (1961) , shows the role of imperfect information across consumers in generating equilibrium price dispersion. Varian (1980) shows that price dispersion results from firms mixing price strategy when some consumers are informed about prices while others do not.
1 This strategic behavior enables firm to charge different prices for homogeneous goods over time (e.g., sales) and as a result, stores will change frequently the position in the ranking of prices (temporal price dispersion). In practice both firm differentiation and mixed strategies help to explain price dispersion.
An extensive empirical literature documents the existence and persistence of price dispersion over time (Baye et al., 2006) . That is, price dispersion exists after controlling for product differentiation and it is persistent as the relative price rankings change over time. This makes it more difficult for consumers to learn about stores with lower prices (Lach, 2002) . A number of papers has measured the magnitude of search cost and its relative importance in explaining price dispersion.
It was believed that the expansion of Internet would affect price dispersion by partially eliminating physical store differentiation and improving price information, which make online markets more efficient than traditional ones (Brynjolfsson and Smith, 2000) . Nevertheless, price dispersion on the Internet still exists and persists: firms face lower menu costs and take advantage of the Internet to develop more sophisticated strategies to hinder consumers from learning about the best deals (Ellison and Ellison, 2009; Baye et al., 2004 a, b) .
The concern of this paper is twofold. First, we study the existence and characteristics of price dispersion in different regional markets in Spain and its persistence over time; second, we measure the extent to which search cost and vertical product differentiation contribute to price dispersion.
We estimate the consumer search cost model developed by Wildenbeest (2011) following the non-1 A small sample of subsequent theoretical studies includes Rosenthal (1980) , Burdett and Judd (1983) , Carlson and McAfee (1983) , Stahl (1989) , Dana (1994) , Baye and Morgan (2001) , Janssen and MoragaGonzález (2004) , Janssen, Moraga-González, and Wildenbeest (2005) .
sequential search model build by Burdett and Judd (1983) . In this last model, price dispersion can be sustained in equilibrium when some consumers observe several prices while other consumers observe only one price. The asymmetric distribution of price information is due to search costs. Based on this idea, Hong and Shum (2006) propose a model to estimate search cost distributions by means of an empirical likelihood estimation procedure when only price data is observed. Moraga-González and Wildenbeest (2008) modify Hong and Shum's (2006) idea by introducing a maximum likelihood estimator. Wildenbeest (2011) allows for vertical product differentiation in the case of supermarkets, where goods assumed homogeneous but differentiate themselves by the additional services offered by stores, which determines the quality of the product itself. These services, together with the sale price, form the consumers valuation for each store so firms compete in utility levels and not in prices.
For our empirical analysis we have built an original database, that consists of prices, in current Euros, for 237 products sold by the five main Spanish supermarket chains: Alcampo, Carrefour, El Corte Inglés, Eroski and Mercadona, which have an aggregate market share of 72%, plus a regional supermarket chain that is only operative in Catalonia (Condis). The price data come from
Soysuper.com, a Spanish price comparison website which scrape price data from the supermarkets websites. Our data covers a period of 182 days from October 1st 2013 to March 31st 2014, for different locations throughout Spain. We obtained information from 9 postal codes and gathered a total of 1,725,318 price data. Our data base has several advantages. First, prices are the real ones paid by consumers, that is, there are no "bait and switch" strategies whereby consumers are lured by a low price to a website where they are then steered to a higher-priced product. Second, the availability of daily price observations allows us to identify short term price movements more accurately. Third, it covers several independent markets which allows us to examine the heterogeneity of search costs across markets. Finally, prices on the website are generally equal to the prices in the store, so our findings are not specific to the online market. This information is particularly helpful in studying retail price dispersion.
As a preview of our results, we observe that price dispersion across supermarkets is persistent and differs across products category. Moreover, dispersion is still present in a lesser extend after controlling for store heterogeneity. Second, our results reveal that supermarkets face heterogeneous price dynamic strategies. For example, Alcampo and El Corte Inglés are the supermarkets that change prices the most frequently. In particular, the prices for half of the products sold by Alcampo have changed more than 5 times in 6 months. The sign of the change is equally proportional, both positively and negatively. In most cases, the size of the price changes is small: half of them are below 5 % in absolute terms. Third, all the supermarkets except Alcampo usually maintain the same prices in different locations. This result confirms that pricing strategies are decided, in most cases, at the chain level. Fourth, when comparing the prices of a homogeneous basket containing the 23 most popular products, we found that Alcampo always sets the lowest price for the basket, changing prices frequently at the same time. The positions of the rest of the supermarkets in the ranking changed quite often. Finally, we estimate search costs for this basket of products. To do that, we use the model proposed by Wildenbeest (2011) to estimate search costs taking into account vertical product differentiation. Our results indicate that around 87 percent of the variation in prices is explained by supermarket heterogeneity, and that more than 70% of consumers search only once in all markets. That is, most consumers search only once, and for these consumers search cost are higher than 0.62 euros to rationalize their behavior. The low search costs can be supported on the fact that within markets a significant proportion of the price dispersion for the baskets across supermarkets disappears after controlling for store differences. These results are in line with other findings in the literature in the food retail market in other countries (UK or France) and with the survey findings of MARM (2011), in which 84% of the Spanish consumers interviewed considered themselves fairly faithful to a supermarket and a 48,4% of consumers said that they always buy without comparing prices.
The structure of this article is as follows. In the next section we select a number of empirical papers that measure price dispersion and search cost. Section 3 describes the data. Section 4 analyses the main patterns of price dispersion in the Spanish grocery markets, as well as price dynamics. Section 5 estimates the search costs for a homogeneous basket of products. Finally, section 6 concludes.
EMPIRICAL LITERATURE OF PRICE DISPERSION AND SEARCH COST
Price dispersion is observed in many markets 2 . A number of empirical papers that measure price dispersion has focused on a single product category, such as orange juice (Berck et al., 2008) , gasoline (Barron et al., 2004; Chandra and Tappata, 2011) , books and / or CDs (Brynjolfsson and Smith, 2000) , spare parts for cars (Delgado and Waterson, 2003) , computer and electronic products (Baye et al, 2004 a, b; Ellison and Ellison, 2009) or plane tickets (Orlov, 2011; Bachis and Piga, 2011) . Other studies compare price dispersion across different products with the aim of establishing empirical regularities to analyze the sources of price dispersion. For example, Lach (2002) compares price dispersion between goods with different price levels and finds that products with higher prices 2 For a review of papers on price dispersion, see Baye et al. (2006) . also present more dispersion. Sorensen (2000) compares prescription drugs with different purchase frequencies and finds that price dispersion is negatively correlated to the associated frequency of use.
Price data in empirical papers came from different sources. First, data can be obtained from the price of transactions in retail outlets (gas stations, supermarkets, travel agencies,...). Second, some papers use the price data collected to develop consumer (CPI) or industrial (IPI) price indices. Some of these works aim to study price rigidities and analyze the frequency of price changes (e.g., see the survey of Klenow and Malin, 2010) , while others use it to analyze price dispersion (for example, see Lach, 2002) . In this last case, data are available monthly. Third, the growth of Internet has provided access to new sources of data and this has created many advantages for the micro work (Edelman, 2012) . Thus, over recent years an increasing number of authors either use Internet data obtained directly from the website or price comparison sites for their work, such as Clay et al.
(2001), Brown and Goolsbee (2002) , Baye et al. (2004 a and 2004 b) , Ellison and Ellison (2009) or Cavallo (2012) . Some authors combine online and traditional market data to compare the prices for the same product in both markets (e. g. Orlov, 2011) , or consumption patters (e.g. Pozzi, 2012) .
Recent empirical evidence analyzes price dispersion for grocery products. Hosken and Reiffen (2004) examine retail price variation for a range of goods across regions of the United States and found that temporary price reductions (sales) represent an empirically important aspect of retail pricing. Zhao (2006) analyzes price dispersion for a set of 23 categories of products sold in 6 supermarkets within the area of Chicago. The results show that observed price dispersion is indeed positively correlated with higher consumer search costs, more intense competition and greater consumer heterogeneity. Dubois and Perrone (2014) examine price dispersion in the French food retail market and show that even after controlling for observable and unobservable store and market characteristics, search costs only account for part of the observed price differences.
All these studies draw some coincidental conclusions: price dispersion exists and persists over time for all products. However, the findings diverge in terms of the magnitude of price dispersion,
given that this depends on the type of product and market, as well as other features related either to the frequency of purchase or the search costs.
Literature increasingly deals with the estimation of consumer search costs. Starting with Hong and Shum (2006) Dubois and Perrone (2014) extended the model of Hortaçsu and Syverson (2004) to allow for heterogeneous consumer preferences; therefore, products are both vertically and horizontally differentiated. Besides, they use data from observed shopping behavior since they examine all store visits made by households within a certain time. Wildenbeest (2011) estimates the extent to which vertical product differentiation and search costs explain price dispersion in the industry of groceries by using a basket of grocery items in the four most relevant superstores in the United Kindom, for a 12-weeks period in 2008. In this paper each firm has its own price distribution, due to the fact that they are heterogeneous in overall quality. This permits the author to explain not only the price dispersion across firms and their changes in equilibrium, but also the observed fact that some firms have persistently higher average prices than others. His results reveal that most of the observed price variation is explained by supermarket heterogeneity and that the estimated amount of search is low.
DATA DESCRIPTION
The data set is collected by Soysuper.com, a price comparison tool that scraped data from the The buying habits of the Spanish population has undergone a transformation in recent decades, characterized by an increasing role of the supermarket format and a declining importance of traditional retail (García and Delgado, 2012 (Mercasa and Sepi, 2014) . There is clear evidence from the last years that consumers value the characteristics of the big supermarket (probably because of the lower prices, wide offer of products, opening hours. . . ) and that chains also find this option as the optimal format to spread their presence in Spain. 
Our database (see Table 1 ) covers prices posted on their webs, in current Euros, for 237 of the most popular products, according to the SoySuper.com popularity index. Prices are taken every day, from 1st October 2013 to 31st March 2014 (182 days) for different locations across Spain. 5 We collected information from 9 postal codes in the following regions: Badajóz, Illes Balears, Barcelona, Guipúzcoa, Madrid, Málaga, Navarra, Asturias and Pontevedra. 6 We have a total of 1,725,318 price observations that include the most popular products in the categories of Beverages, Breakfast and We used two criteria to select the products. First we chose the most popular products according to the SoySuper.com popularity index. This index takes account of the number of times a product is bought in any supermarket and the number of times a consumer adds the product to a shopping basket. After we select those products available in at least 4 supermarkets at the same time throughout the entire period.
We chose the postal codes with the maximum number of available supermarkets at different locations throughout Spain. Nonetheless, there are several particularities. Mercadona is the chain with the higher market share in Spain, but it is not available neither physically nor on-line in the Basque Country (País Vasco), due to entry regulations. Alcampo, one of the most popular supermarket chains, has 55 stores in Spain. However, it has no stores (neither physical nor online) in two of the regions analyzed (Badajóz and Navarra). Furthermore, in the province of Madrid alone Alcampo has 14 stores whereas there are only 5 in Catalonia, all of them located within the city of Barcelona. Carrefour holds the greatest presence throughout the Spanish geography with 172 hypermarkets (24 in Madrid and 18 in Barcelona).
It is worth pointing out here that one interesting advantage of our study is its use of daily price observations which allows us to identify short term price movements more accurately. Most other papers use weekly or even monthly prices to do so. Varian (1980) was the first one to distinguish between spatial and temporal price dispersion. The first one implies that firms charge different prices at any point in time, but the firms' position in the distribution of prices does not necessarily change over time. At this context, these permanent differences may be explained by store differentiation, since, if consumers could learn from experience that some firms persistently offer lower prices than others, price dispersion should diminish over time.
MEASURING PRICE DISPERSION
On the contrary, temporal price dispersion arises in a mixed-strategy case, where stores randomize their prices and, therefore, do not post low or high prices consistently, and their position in the ranking of prices changes over time.
Spatial price dispersion
We measure price dispersion as the log deviations of price from the daily mean (Lach, 2002) . That
Such that   denotes the price of the item  in the supermarket  in postal code , in day  and  is the mean price of the item , in location , in day , where  = 1  237,
Part of the dispersion observed in prices may be explained by product differentiation. Although we compare goods with the same physical characteristics, these goods are sold at different stores and locations, on different days. This means that the products are not homogenous. We assume that the same products in different locations are not substitutes given that the distance among postal-codes is great enough to consider them as different relevant markets.
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We cleared prices from the heterogeneity due to the supermarket, localization and time. To do this, we ran product-by-product regressions of prices, measured as log deviations from the daily mean, on the fixed effects of supermarket and location (postal code) and the interaction between them, and a time effect. The observed prices were taken as the sum of the price of the homogenous product and the price of the differentiated services offered by the supermarket:
  is a day effect. The residuals of these regressions represent the price of a homogeneous product after controlling for the time invariant store specific effects and the price fluctuations common to all stores. This method to obtain homogeneous prices has become standard in the literature (see Lach, 2002; Zhao, 2006; Sorensen, 2000; and Dubois and Perrrone, 2014, among others) . As shown in Figure 1 , prices exhibit substantial dispersion. Most observed prices fluctuate between -10% and 10%. However, these variations change not only across products but even geographically.
As expected, and given spatial and store differentiation, the prices of homogeneous products are less dispersed than the observed prices.
The empirical literature has documented that the magnitude of price dispersion differs between products. To explore this question, we show several measures of price dispersion in the categories analyzed (Table 2) . The first column indicate the percentage of observations with no price dispersion -the price is the same for all supermarkets in a given day-in each product category. The standard deviations of the observed and residual prices are presented in the second and third columns, respectively. The last four columns present percentiles 5 and 95 of each distribution.
is cross-sectional for each day and in each location.
Some conclusions may now be drawn. The first of them concerns the heterogeneity of the dispersion among categories. Pantry and Breakfast and cereals categories are the ones with the highest price dispersion, their standard deviations are the highest and the percentage of observations with no dispersion are the lowest. On the contrary, the category of Milk products is the one with less dispersion. For all categories price dispersion drops significantly when we control for observed product heterogeneity, both in terms of the standard deviation and the quantiles. Although, some dispersion persists even in the case of homogeneous prices.
To explore differences in price dispersion among location we show in Table 3 shows the standard deviations of observed and residual prices by location. Notice that the dispersion of observed prices is significantly lower in two locations: Badajóz and Navarra. The explanation for this evidence lies in the absence of Alcampo in these locations both online and physically. As may be seen in the next section, Alcampo has a peculiar price strategy: it is the supermarket with the lowest prices yet at the same time it has the highest price dynamics. 
Temporal price dispersion
Temporal price dispersion occurs when the identity of the store offering the lowest (and highest) price varies unpredictably over time. If supermarket position in the price distribution remains constant, then consumers can learn which one is the cheapest store and we might observe prices converging to the "law of one price". But if stores change periodically their position at the ranking of prices, consumers have to learn about price ranking before each purchase. The existence of temporal price dispersion is an evidence of the importance of search costs.
To measure temporal price dispersion, we look at the positions of the supermarkets in the ranking of prices over time. We defined the rank reversal () as the change in the position at the price ranking for a given product between any two days. So, the average rank reversal for the supermarket
(  6 =  − ) such that   denotes the position of a given supermarket in the ranking of the item  in day , and  − is the position  days before.
One might expect that changes in the ranking at two successive days were small, but rank reversals increase as the interval of time increases. Table 4 shows the average rank changes in prices between two observations with a time lag of 1, 10, 20, 30 and 60 days in Barcelona. As we can see, rank reversals increase as the period gets longer.
The first column shows the proportion of changes in the ranking of prices between two consecutive days, which is at most 3,3% in Eroski. But 10 days after changes in the ranking are more numerous,
given that between 9,8% and 23% of products had changed their positions. And two months later this percentage increases to more than 40% of products. The notable exception in this pattern is
Alcampo as it remains in the first position in most cases, as the cheapest supermarket. The rest of the locations follow very similar patterns.
Frequency and size of price changes.-If supermarkets change prices often, it is harder for consumers to learn about prices. It makes it more difficult to rank them to find the most inexpensive supermarket. In this section we analyze how often the supermarket changes prices, as well as the size of these changes. As we observe prices on a daily basis, we can identify changes even if they are short-lived. Price data on a monthly or even weekly basis could underestimate the frequency of price changes. Table 5 reports the frequency of price changes ( ) as the number of times a given product changed the price in the 6 months considered. It also reports the sign and the size of the change. The first column reports the total number of products analyzed in each supermarket, which is the number of products multiplied by the locations. We select those products for which we have information every day since 1st October to 31st March. The second column reports the percentage of products that have not changed their positions even once in the six months analyzed. The figures show heterogeneity among supermarket pricing strategies. Alcampo maintained a constant price for 7% of the products over the 6 month period. Similarly, El Corte Inglés maintained the price for 10% of the products while Condis proved to be the supermarket with the less frequency of price changes.
The sign of the change is more or less equal both positively and negatively for all the supermarkets, with the exception of Mercadona, where 64 percent of the changes represent price reductions. As we will see in Section 6, Mercadona began a price decrease strategy in February 2014.
When we focus on the number of price changes conditioned to at least one change, we confirm heterogeneity among supermarkets. The median number of changes for Alcampo is 5. That is, half of the products changed more than 5 times over 6 months. The 90 percentile indicates that 10% of the products changed, more than 11 times in 6 months, that is almost twice per month on average. These numbers are significantly lower for the rest of supermarkets. Half the products changed only once in Mercadona, fewer than twice in Carrefour and fewer than 3 times in the other three supermarkets. The upper percentile of the distribution of price changes shows that Carrefour is the supermarket with fewer price changes. Only 10% of the products analyzed changed prices more than 4 times.
We measure the size of price change through the percentage of growth rate of prices as: 100 *
. Figure 3 shows the distribution of the size of the price changes conditioning on a positive change, that is, whenever   6 =  −1  The last three columns of Table 5 show three percentiles of the distribution of this measure. Notice that medians are clearly negative for Condis and Mercadona. Half the price changes give reductions of over 4% in Mercadona. Most price changes are small, half of them are below 5% in absolute terms 9 . The magnitude of these changes concords with reduced inflation for this period. Notice that the general inflation was -0.9 in Spain between 9 Defining what constitutes a "small" price change is somewhat arbitrary. However, there is consensus that price changes below 5% are small (Eichenbaum et al, 2013) .
October 2013 and March 2014 10 . In sum, during this period prices decreases are slightly smaller and more frequent than increases.
Price duration.-Clearly, a more frequent price change represents shorter durations of existing prices. Since price changes occur at discrete time intervals, the two measures are inversely related,  = 1
It is in our interest here to calculate the average length of price spells, i.e. how long a price remains constant until the next change. To do this, we have to deal with censoring. We have left-censoring because we cannot know how long the price of each product remained unchanged in the first price spell. Right-censoring is also present because the period for which the price will remain unchanged since the last observation is unknown to us. A simple way to overcome this bias is to omit all left and right censored spells from the analysis and consider only the spells for which we know exactly when the spell started and finished. Other studies also followed this approach (e.g. Dias et al., 2004; Aucremanne and Dhyne, 2004a, b; Fougère et al., 2004) . Price increase Price decrease Figure 2 shows the distribution of length spells excluding censoring spells. On the one hand, price duration is lower when a price goes down than when it goes up. This is compatible with price reductions due to offers. On the other hand, most frequent price spells are lower than 20 days.
On average, 30% of price changes are maintained for less than 10 days and more than half of the prices change again after 20 days. There is some heterogeneity among supermarkets: the price duration of Alcampo is the lowest, about 40 percent of price changes lasting less than 10 days. This superrmaket is the one with the most frequent price change and of the least duration, as we saw before. On the contrary, Mercadona is the supermarket with less price changes and with the longest duration.
Intra-firm price dispersion.-
Intra-firm price dispersion is defined as
 are, respectively, the maximum and minimum price fixed by the supermarket  in the postal code  for the product  throughout the sample period. This measure gives us an idea of the maximum price range for a given product over the 6-month period. Table 6 reports the moments of the distribution of this variable,   , in each supermarket. As we can see in the first column, the difference on average between the maximum price and the minimum price is 22% in Alcampo and 12% in Carrefour.
The percentile 95 increases up to 60% Carrefour, which means that this supermarket is the mone with the most agressive offers or discounts. On the contrary, the percentile 95 is 33% in Carrefour and Mercadona. This result indicates that characteristics at the level of the chains (as opposed to individual stores) account for a large fraction of the total variation in price dynamics. This result is also found in Nakamura et al. (2011) : "Thus, retailer characteristics are found to be crucial determinants of heterogeneity in pricing dynamics, in addition to product characteristics".
PRICE DISPERSION AND SEARCH COSTS
In this section we estimate a search cost model based on price data to explain price dispersion of an homogeneous basket of 23 grocery and household products sold in different supermarkets in 8 geographically independent markets.
Estimation of search cost at the market level
In order to estimate the search costs we follow the non-sequential search model developed Wildenbeest (2011). Let there be  supermarkets offering an homogeneous good -a basket of groceries-to imperfectly informed consumers in a particular location. The supermarkets sell the good at a unit cost of   . Firms compete directly in the utility space, which in turn implies that the supermarket strategy space is reduced from quality and price to utility dimension, which allows incorporating vertical product differentiation in the model.
Consumers share a common utility function having the same preferences toward quality though they differ in their search costs (Hortaçsu and Syverson, 2004) ,
where   is the valuation of buying the good at supermarket  in a given location, which has the additively separable structure  (  ) =  +   , where  denotes the common consumers' valuation of the homogeneous good, independent of store quality,   is the level of services (quality) of the supermarket (Wildenbeest, 2011) and   is the corresponding price.
The fact that consumers share the same utility function implies that a supermarket decides their quality level   by maximizing the price-marginal cost margin:
−  for a given utility level  The total cost of quality inputs exhausts quality-related output, that is, (  ) =    by Euler's theorem 11 . This, in turn, implies that the valuation-cost markup does not depend on store quality:  (  )− (  ) = +  − (  ) =  and we can focus on symmetric mixedstrategy equilibria in utility levels, where a supermarket's strategy is a common utility distribution function  ()  Consumers search nonsequentially, that is, they take the supermarkets' strategies as given and decide on a number  (≥ 1) of stores to visit in order to maximize utility and buy from the highestutility store 12 . A consumer's search cost  is assumed to be a random draw from a common atomless distribution  () with support (0 ∞) and positive density  ().
Consumer search behavior should be optimal: the net benefit of searching  times should be higher than the net benefit of searching  − 1 or  + 1 times and its associated expected utility should be
11 Supermarkets obtain quality input factors in a perfectly competitive market and the quality production function exhibits constant returns to scale. 12 A condition that partially characterizes a symmetric equilibrium in utility space is that some consumers search only once (with no cost) while others search more than once (Burdett and Judd, 1983 ).
higher than the expected cost of searching,  · . The search cost of the consumer indifferent between searching  and  + 1 times,
with  1: =  (max ( 1     ))  is decreasing in  Then, the share of consumers   who sample  prices is
which means that
where  ( 0 ) = 1 every search cost is lower than  0 and  (  ) = 0   is the minimum search cost.
The supermarket's  expected profit of offering utility level
given the expected consumer behavior   and  (). Here  −   =   −   is the price cost margin of each supermarket when implicitly setting a price   , while the summation is the expected quantities sold, which depends on () the proportion of consumers searching  times,   , () the likelihood  that the consumers observe the utility of firm , and () the probability that at utility level   the firm offers the highest utility level out of the  firms searched,  (  ) −1 .
In this setting, a price dispersion equilibrium is possible only when there exists a positive, but not certain, probability that a consumer observes only one price 13 . The characterization of the equilibrium utility distribution in mixed strategies implies that the supermarket should be indifferent between setting any utility in the support of  () (Burdett and Judd, 1983 ): a supermarket should be indifferent between offering a utility of zero by setting   =   , and selling only to not informed consumers -people searching only once-or setting any other utility level in the support of
The intuition for this is that if all consumers did compare stores, all firms would set a price equal to their unit cost.
where   1  is the expected profit when offering an utility level of zero. In this case, when firms offer the maximum utility,  =  we have that  () = 1 (all utility levels are below the maximum), so the maximum utility is given by
by maximum likelihood following MoragaGonzález and Wildenbeest (2008) . The equilibrium distribution of utilities,  ()  can be only implicitly defined, but the density function can be derived from the first order conditions of expected profit maximization
which is used to define the log-likelihood function  = P  =2 log  (  )  where  is the total number of observations,  = 0 and we assume that utilities are arranged in ascending order,  =  1   2     =  and where  () = 1 and  () = 0
Using the characterization of the optimal searching behavior we can rewrite the search cost as
Using the same change of variable in the equilibrium profit equation, i.e.,  =  ()  we have that
so we obtain that
Therefore, the ML problem is given by
where
That is, the maximum estimator give us estimates of the proportion of consumer searching,     = 1   and from these estimates we can recover the search costs. 14 5.2. Description of the homogeneous basket.
We assume consumers are more interested in the price of a whole basket of products rather than in the price of one product. So we built a basket of goods based on the most frequently bought products at supermarkets.
According with the MARM (2011), Spanish consumers´shopping habits depend on the product they want to purchase. Fresh products are purchased at the nearby specialized shops or small supermarkets. Consumers prioritize quality over price in these kind of products. These purchases can be attributed to the "secondary shopping" and they are done with a high frequency, around 2-3 times per week. However, the standardized products included in the "primary shopping" (beverage, dairy, cereals. . . ) are often bought in big quantities at more sizeable stores, such as big supermarkets or superstores. According to this study, 84% of consumers interviewed considered fairly faithful to the supermarket and a 48,4% of consumers declares they always buy without comparing prices. average, excluding fresh products 15 . The basket has a total average cost of 79  and ranges from 70.95 (Alcampo) to 82.08 (El Corte Inglés), as Table 7 shows. 16 The difference between the most expensive and cheapest basket price is 11 euros, but this difference varies across supermarkets, Alcampo had the greatest intra-firm price dispersion, between 71 and 79 euros. Carrefour, on the contrary, shows very little variation, between 78.5 and 80.5 euros and the difference is constant in all locations. El Corte Inglés has the highest prices and the range between maximum and minimum price in all locations range between 78 and 82 euros.
The items selected are based on popularity, i.e., the most frequently bought products according to Soysuper.com 17 . We assume that supermarkets are specially interested in the pricing of these products. We first selected the most popular products in each of the 6 categories (Beverages, Breakfast and Cereals, Coffee and Cacao, Milk products, Pantry and Household and personal care).
Out of these most popular products we selected the ones that have a complete series of prices across all the supermarkets throughout all of the postal codes 18 . Note that all the products included in the basket are branded. We can therefore consider this basket as a completely homogenous product.
Price dispersion of the homogeneous basket.-Persistent price differences across supermarkets allow us to identify the vertical differentiation component. The products in the basket are exactly the same for all supermarkets, but the price could differ due to supermarket differentiation. If supermarket characteristics did not change, at least in the short-term, we could expect the price across stores to be persistently different over time.
If the position of the stores in the price distribution remains constant day after day, consumers can learn to identify the most inexpensive store. Figure 3 shows the daily price of the basket in Barcelona for the 6 supermarkets. 15 This figure was obtained from the Spanish Household Budget Survey (HBS), 2013 and it excludes fresh products. In Spain around 50% of housholds expenses are on fresh products (meat, fruit, vegetables and fish).
Non-feeding products from perfumery or hardware stores accounted for around 9% and 6%, respectively, of the total expenses, given data from 2011 (García and Delgado, 2012) . 16 Table A1 in the Appendix shows the products and the average price and dispersion of each of the products included in the basket. 17 We thank Soysuper.com for giving us this information. 18 For example, the most popular milk brands are Asturiana and Pascual, but we chose the first one because it was the only one sold at all supermarkets (Mercadona does not sell Pascual milk brand). Although the positions in the ranking do not change every day, there is quite a bit of fluctuation.
This can also be seen in Table 8 that shows the the percentage of times that the price spends in each quartile for each supermarket. As we can see, Alcampo is the only supermarket that spent all the period in the same quartile, i.e., it was always the cheapest. Additionally, as previously seen, Mercadona spent half of the time in the first quartile too. On the contrary, El Corte Inglés was the most expensive supermarket 69% of the days, and the cheapest one only 4% of the days. Carrefour was located in the second quartile half of the time and Condis and Eroski were located in the third quartile more frequently. We now compare the price of the basket in each supermarket at different locations. We chose 4 locations: the two biggest cities in Spain, Madrid and Barcelona, and two middle-sized cities in the north of Spain. Figure 4 shows that supermarkets maintained the same price in all locations most of the time, with the exception of Alcampo. This suggests different pricing strategies. It seems that each individual store in Alcampo decides prices by itself; it does not take into account what Alcampo supermarkets in other locations do. This creates substantial price differences among stores. On the contrary, the other big chains seem to fix prices at a chain level, which individual stores adopted even though they may be slightly delayed in doing so sometimes.
Alcampo had the greatest intra-firm price dispersion and Carrefour the minimum.
Lastly, we check for serial correlation. If stores have mixed strategies in utilities, and therefore in prices, there should not be any serial correlation. To check this, we calculated the autocorrelation function (ACF) for the basket in each store-location pair. As one might have expected, autocorrelation between two consecutive days is very high, but with a lag of 10 days between price observations the calculated autocorrelations are not significantly different from zero.
Empirical results
In order to calculate utilities we assume that consumers differ in their search costs but have the same preferences towards supermarkets quality. So, consumers derive utility from buying the homogeneous basket at the store  in location  and period  according to:
where   is the valuation of buying the basket at store  in location  and   is the corresponding price. Utilities are then defined as prices controlled for quality differences between stores. Consumers know their valuation of the good but they do not know the price. They have to get information about the prices of the basket in a number of supermarkets according to their search costs.
The previous equation can be rewritten as:   =   −    and can be estimated by a fixed effects regression of prices, i.e.,   =  +   +   +   where  is a constant,   is a store fixed effect and   is a location fixed effect, and the disturbance   representing utilities.
With this specification, in a first step the model parameters are estimated by Maximum Likelihood 19 and in a second step, point estimates of utilities can be obtained through the mean (or the The estimations are conducted under the assumption that firms play a stationary repeated game of finite horizon, so the data in every period should reflect the equilibrium of the static game analyzed previously (Moraga-González and Wildenbeest, 2008) . For the estimation we select price observations every 10 days to avoid serial correlation.
We use the representative basket of 23 frequently bought goods described before to estimate search cost. Figure 5 shows the kernel estimate of the price density using the prices every 10 days of the basket in all supermarkets for all locations during the sampling period. The observed price dispersion is due to pricing strategies in combination with the heterogeneity of stores (vertical differentiation). Figure 8 shows the kernel estimation of the utilities derived from the regression of prices on storelocation. These utilities can be interpreted as the price of the homogeneous good after controlling for the effects of variation in service quality (this includes location and supermarket fixed effect) and time effects (Lach, 2002) . The utility density is right-skewed. This means that high levels of utility are less likely to be found and lower levels of utility are the most frequent. This result is similar to Wildenbeest's (2011) and it is related with the small share of consumers searching intensively. Table 9 displays the results of the fixed effect regression under two specifications. The first column estimates by OLS, additively including store and location dummies and their interactions. In the second specification we replace the supermarket dummies with observed characteristics. We include the total number of products available on the web page (a measure of variety) and the transport cost, i.e., how much the consumer might pay for the delivery of the basket. The first column indicates that all effects are significant. Alcampo is the supermarket with the lowest prices on average and El Corte Inglés is the one with the highest prices. The  2 reveals that much of the variation in prices can be accounted for by variation across supermarkets and cities. 20 One assumption of the theoretical model is that price observations might be uncorrelated. For this reason, we take price observations every 10 days. With this lag, prices are not autocorrelated.
An 87% of the variation in prices is explain by store and location dummies. Yet, a 13% of the total variation in prices remains unexplained and it could be attribute to search.
In the second specification we substitute the supermarket dummies with two characteristics. As expected, delivery cost has a negative impact on price. That is, supermarkets with lower prices fixed higher delivery prices. The number of products available from the web page, as an indicator of services, has a positive effect on price. Higher availability gives higher prices on average. With this specification,  2 drops from 0.87 to 0.44, which means that there is yet store's characterísticas, other than those included herein, that explains quality or services. The estimation results obtained using the maximum likelihood procedure described before are presented in Table 10 . Each column shows the results for each location. We run the price regresion separately for each location. The  2 figures indicate that between 82% and 93% of the variation in prices is explained by store dummies in all location except Navarra, where the  2 to drop to a 33%. In this location Alcampo is not present, and this change could means that the degree of store differentiation among the rest of supermarkets (that is, excluding Alcampo) is very low.
The first three rows show the estimated proportion of consumers searching once, two or three times. In the first case, this percentage ranges from 77% in Asturias to 65% in Guipúzcoa. The estimated share of consumers search one or twice is around 90%. The percentage of consumers searching for all stores around, although insignificant, is at most 4%. These results are in line with other papers. For example, Wildenbeest (2011) estimated for grocery items in the United Kingdom and found that most of the observed price variation is explained by supermarket heterogeneity, and that the estimate amount of search is low. He estimated that 71% of consumers search only once, and 91% search one or twice while only 8% of consumers compare all prices. Dubois and Perrone (2014) , using food purchase data from France, obtained that consumer search activity is not very intense, as more than 90% of consumers do not search at all. They also found that rural consumers search less than urban consumers, and poor consumers search more than rich consumers.
The estimated search costs are very low. The consumers that search only once have search costs higher than 62 cents. This amount range from 56 cents in Guipúzcoa to 69 cents in Asturias. For those consumers who compares two prices, the search costs are, on average, higher than 32 and lower than 62 cents. These low search costs are similar to those found by Wildenbeest (2011) , as he obtained that the search cost of consumers that do not search should have been at least 27 pence in order to rationalize their behavior.
The estimated price cost margins range between 5.98 and 8.77 euros, which means an average margin between 7,5% and 11.1% in Guipúzcoa and Asturias, respectively. For UK the margins range between 8% and 9%.
Occasional basket.-
The selection of the products of the basket could affect the results. The fact that all products were selected among the most popular ones implies that consumers might have more information about them due to a more frequently purchase. We build a rather different basket that includes only one category of products: beverages. Most of these products are bought occasionally, and therefore are not included in a basic food basket. It includes more expensive products, as whisky or wine, probably bought by consumers with higher average incomes. The amount of the basket is almost 100, as Table 11 shows, and the price dispersion in this basket is higher than the dispersion observed in the basic one. As Table 12 shows, the range of prices goes from at least 83 in Alcampo to 103.4 in Eroski, which constitutes a difference of almost 20% between the maximum and minimum. Alcampo remains as the supermarket with lower prices, as was the case in the basic basket, whereas Eroski is the most expensive supermarket now.
We regress the prices on stores fixed effect to obtain utilities as the negative of the residuals. The  2 are slightly lower than the ones obtained in the basic basket, except in the location without Alcampo. The obtained results, showed in Table 13 , are very similar with the ones obtained in the previous subsection. Search cost are small and slightly higher than for the basket we used in the previous subsection. The amount is, on average, 1.1 euros, which represents around a 10% of the cost of the basket. The estimated share of people searching once is slightly higher than in the basic basket except in Guipúzoca where the percentage drops from 65% to 52% and Pontevedra.
The estimated price cost margin is, on average, 13% in this basket, which is considerably higher comparing with the basic one.
In sum, we obtain that a basket that included the most popular products delivers lower price dispersion, lower price-cost margins, and lower search costs. These result are in line with Sorensen (2000) , that obtained that prices for repeatedly purchased prescriptions (for which the expected benefits of search are the highest) show significant reductions in both dispersion and price-cost margins.
Importance of vertical product differentiation.-A question of interest is how important vertical product differentiation is in explaining price dispersion. To answer this question we estimate the search cost model directly with observed prices without considering vertical product differentiation. Notice that price dispersion is higher with observed prices compared with homogeneous prices.
[TO BE COMPLETED]
Conclusions
We estimate the consumer search cost model developed by Wildenbeest (2011) following the nonsequential search model build by Burdett and Judd (1983) .
The quantification of search cost has competition policy implications, as it can affect market competitiveness even more than market structure (Waterson, 2003) . In fact, consumer information about prices is a condition for markets to be truly competitive. If consumers do not search at all about prices, then the monopoly price would be the equilibrium, as Diamond (1971) shows; but in those markets where some consumers search once and others search twice or more, price dispersion will be an equilibrium (Burdett and Judd, 1983) . Regulations that aim to promote competition must be aware of the distortions due to the existence of informational restrictions. In this sense, Stahl (1989) shows that in presence of search costs, firm entry do not necessarily improve welfare. In this line, Lach and Moraga-González (2012) found that the consumer surplus always (weakly) decreases with increased competition. Furthermore, Competition Policy might also be aware of those firms'
practices with the aim of obfuscating consumers (Ellison and Ellison, 2009 ).
The main results of this article are: First, price dispersion across supermarkets is persistent and differs across product categories and it is still present after controlling for store heterogeneity. Second, our results reveal that supermarkets face heterogeneous price dynamic strategies. For example, Alcampo and El Corte Inglés are the supermarkets that change prices with highest frequency. In particular, the prices for half of the products sold by Alcampo had changed more than 5 times in 6 months. The sign of the change is equally proportional, both positively and negatively, which is consistent with sales. In most cases, the size of price changes is small: half of the price changes are below 5 % in absolute terms. Third, all the supermarkets except Alcampo usually maintain the same prices in different locations. This result confirms that pricing strategies differ among supermarkets;
generally decide prices at the chain level. Yet, Alcampo is a chain of individual stores, which set their own prices. Fourth, when comparing the prices of a homogeneous basket containing the 21 most popular products we found that Alcampo always sets the lowest price for the basket while frequently changing prices at the same time. The positions on the ranking for the rest of the supermarkets changed quite often.
Lastly we estimate search cost using price data only. We find that around of the 87% or the observed variation in prices are due to store fixed effects. Estimates suggest that most consumers search only once in all markets, and their search cost should have been at least around 0.62 euros to rationalize their behavior. The low search costs can be supported on the fact that within markets a significant proportion of the price dispersion for the baskets across supermarkets disappears after controlling for store differences. Our results are very similar with those found in UK or France.
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